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BLOOD SAMPLING DEVICE WITH 
DIAPHRAGM ACTUATED LAKCRT 

RELATED APPLICATIONS 
Benefit of priority is claimed to U.S. provisional application Serial No. 
60/298,061, filed June 12, 2001, Vladimir Drbal and Dominique M. Freeman, entitled 
"BLOOD SAMPLING DEVICE WITH DIAPHRAGM ACTUATED LANCET". Where 
permitted, the subject matter of this application is incorporated in its entirety by 
reference thereto. 

TECHNICAL FTPJ.n 
This invention relates to medical devices, and more particularly to a blood 
sampling device which is capable of drawing the blood sample in a sealed configuration. 

BACKGROUND ART 
Lancing devices are known in the medical health-care products industry for 
piercing the skin to produce blood for analysis. Biochemical analysis of blood samples 
may be used as a diagnostic tool for determining clinical information. Many point-of- 
care tests are performed directly on capillary whole blood, which is typically obtained 
by making a small incision in the fingertip, creating a wound, which generates a blood 
droplet on the surface of the skin. 

Conventional methods of lancing may include piercing or slicing the skin with 
a needle or razor. These methods may utilize lancing devices that contain a multitude 
of spring, cam and mass actuators to drive the lancet. Some devices may not integrate 
lancing and blood sample collection, but require the user to transfer the blood sample 
to the analysis device by exposing the lanced finger to air. Other devices lance the skin 
and collect the blood sample, but require suctioning ambient air along with the blood 
sample. Therefore, a method using the conventional device may lance the skin, but 
upon retraction may require the user to transport the blood sample from the finger to 
some type of blood analysis device or to suction the blood sample from the finger's 
surface. Accordingly, conventional methods of blood sampling may require several 
steps. Initially, the paraphernalia is assembled by loading a sterile lancet, loading a test 
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strip, and arming the launcher. The intended target skin area, such as finger, is placed 
against the lancet launcher. The launcher is then activated using the other hand. 
Finally, the launcher is set aside and the lanced finger is placed against a test strip. 

The problem with these conventional devices is that the blood sample may 
become exposed to ambient air and thus may contaminate the sample with ambient air 
including oxygen, nitrogen, other environmental gases. This may substantially 

compromise accurate gas analysis of the blood sample when conducting in vitro testmg 

of the blood. 

rT cPT ngTTPF. OF THE INVENTION 
Embodiments of the present invention relate to medical devices and to methods 
for obtaining blood for chemical analysis. More particularly, embodiments of the 
invention relate to devices and methods for piercing the skin (lancing) and obtaining a 
blood sample within a sealed configuration. 

In one aspect of the invention, a blood sample is acquired from a patient in a 
sealed configuration using a blood sampling device. The sampling device includes an 
assembly having a driver, a lancet, and a blood reservoir, and a pad. The pad has a 
proximal side and a distal side. The proximal side conforms to the shape of a skm area, 
and the distal side attaches to the sampling assembly. Thus, the pad and the sampling 
assembly are configured to provide a sealed configuration around the skin area for 
transferring blood from the skin area to the reservoir. 

In another aspect of the invention, a blood sample is acquired from a patient in 
a sealed configuration using a method which integrates lancing and sample collection 
and allowing for blood gas testing from the sample. This may be achieved by 
positioning a skin area to be lanced on a pad, and applying a force on the skin area to 
allow the pad to conform to the shape of the skin area, such that the pad forms a sealed 
configuration around the skin area. The skin area is then lanced through the pad. A 
blood sample is drawn from the lanced skin area through the pad to collect the blood 
sample in a sealed configuration without substantially exposing the blood sample to 
ambient air. 
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In a further aspect of the invention, a blood sample is automatically acquired 
from a patient in a sealed configuration using a computer readable medium containing 
executable instructions which when executed in a processing system, performs lancing 
operation and obtains a blood sample from a finger tip in a sealed configuration. The 
executable instructions include sensing to confirm that a sealed configuration around a 
skin area has been formed to transfer blood from the skin area into a blood reservoir 
without exposing the blood to ambient air, lancing the skin area within the sealed 
configuration, and transferring the blood sample from the lanced skin area in the sealed 
configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The objects, advantages and features of this invention will be more readily 
appreciated from the following detailed description, when read in conjunction with the 
accompanying drawing, in which: 

FIG. 1 illustrates a cut-away side view of a sampling assembly attached to a 
finger pad in accordance with an embodiment of the invention. 

FIG. 2A illustrates a cut-away side view showing the movement of the diaphragm 
and the lancet when the lancet is protracted out of the bottom surface in accordance with 
an embodiment of the invention. 

FIG. 2B illustrates a cut-away side view showing the movement of the diaphragm 
and the lancet when the lancet is retracted into the chamber beyond the check valve in 
accordance with an embodiment of the invention. 

FIG. 3 is a flowchart describing a technique for lancing and obtaining a blood 
sample according to an embodiment of the invention. 

FIG. 4 is a block diagram of a processor-based system which may execute codes 
residing on the computer readable medium. 

BEST MODE FOR CARRYING OUT THE INVENTION 
In recognition of the above-stated problems associated with conventional blood 
sampling devices, embodiments for using a blood sampling device that pierces the skin 
(lancing) and obtains a blood sample without substantial exposure to ambient air to 
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enable gas analysis of the sample are described. In particular, the blood sampling device 
is coupled to the skin area (e.g. finger) through a pad to form a sealed or closed 
configuration. Hence, the pad applied to the skin area seals the area to be lanced so that 
the skin area is not substantially exposed to ambient air. The pad also provides a seal 
for the blood sample being transferred from the lanced skin area to a blood reservoir in 
the sampling device. Furthermore, the blood sampling device is configured as an 
integrated device that integrates the lancing and blood sample collection so that the 
device may capture and transport the capillary blood from the wound created by a lancet 
to a blood reservoir without exposure to ambient air. A valve system and driver in the 
sampling device may allow the user to drive the lancet on the compression of the driver 
(e.g. diaphragm) and suction the blood through the pad on the depression of the driver. 
Consequently, for purposes of illustration and not for purposes of limitation, the 
exemplary embodiments of the invention are described in a manner consistent with such 
use, though clearly the invention is not so limited. 

A sampling assembly 100 coupled to a finger pad 150 in a sealed configuration 
in accordance with an embodiment of the invention is shown in FIG. 1. The sampling 
assembly 100 includes a reservoir 102 formed by a portion of an elliptical chamber 104 
and a driver 106. However, in an alternative embodiment, the chamber 104 may be 
designed to be spherical, cubical, or any other appropriate shape for storing the blood 
sample. The sampling assembly 100 also includes a lancet 110 disposed within an 
opening 120, which couples the chamber 104 with lanced skin area through the finger 
pad 150. The sampling assembly 100 may further include at least one valve 122, 124 
for drawing and transferring the blood sample from the lanced skin area for blood 
analysis. In the illustrated embodiment, the valve 122 is configured as a sample inflow 
check valve while the valve 124 is configured as a sample outflow check valve. Check 
valve as used in the above context is a valve that allows flow in one direction only. 
Hence, the valve 122 connects the reservoir 102 with the blood inflow conduit (i.e. the 
opening 120) while the valve 124 connects the reservoir 102 with the blood outflow 
conduit 130. 

In FIG. 1, the finger pad 150 is coupled to the sampling assembly 100, in a 
sealed configuration, along the bottom surface 116. However, in some embodiments, 
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the pad 150 may be coupled to the sampling assembly 100 along any appropriate 
surface. The finger pad 150 has a proximal side 152 and a distal side 154 with proximal 
side 152 conforming to the user's finger 156. Therefore, the blood sampling assembly 
100 is coupled to the finger 156 through the pad 150 to form a sealed or closed system. 
Accordingly, the pad 150 applied to the finger 156 seals the area to be lanced so that 
the finger 156 is not substantially exposed to ambient air. The finger pad 150 also 
provides a seal for the blood sample being transferred from the lanced area of the finger 
to the blood reservoir 102. 

In one embodiment, the finger pad 150 may include an elastomer. Furthermore, 
the elastomer 150 may be formed of relatively soft durometer type compounds, such as 
silicone rubber, and may be shaped to contour the finger 156. The elastomer 150 
provides an air seal between the finger 156 and the opening 120, which leads into the 
reservoir 102. Thus, in some embodiments, the durometer range of the finger 
pad/elastomer 150 may be between Shore 20A and 40A, specifically, the range may be 
between Shore 20A and 30A. In other embodiments, the durometer of the finger 
pad/elastomer may be 5 A to 15 A. Typical products known in the art include "Bumpon" 
or adhesive foam (manufactured by 3M), "Sorbothane" (manufactured by Trelleborg 
AB), and other gels commonly used in orthotics. 

The lancet 110 may include a proximal end 112 and a distal end 1 14. The distal 
end 114 of the lancet 110 is coupled to a driver, such as a diaphragm 106. Hence, the 
diaphragm 106 drives the lancet 110. In one embodiment, the proximal end 112 of the 
lancet 1 10 is perpendicular to the bottom surface 1 16 of the sampling assembly 100, and 
is concentric with the opening 120. Moreover, the proximal end 112 of the lancet 110, 
which is used to puncture the skin, is configured such that the proximal end 112 is 
prevented from protruding out of the bottom surface 1 16 prior to the lancing operation. 
In one embodiment, the diameter of the lancet 110 is substantially the same as the 
diameter of the opening 120 to provide smooth sliding movement for the lancet 110 
through the opening 120. 

In the illustrated embodiment of FIG. 1, the shaft of the lancet 110 passes 
through the check valve 122 to hold the valve 122 open prior to the lancing operation. 
In one embodiment, the check valve 122 may be configured as a sample inflow valve 
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such as a duckbill check valve. In this embodiment, the opening 120 may be connected 
to the reservoir 102 through the check valve 122. Thus, the reservoir 102 may be 
formed as a portion of the elliptical chamber 104 that is lined by the diaphragm 106. 
In the illustrated embodiment, the lower portion of the chamber 104 lined by the 
diaphragm 106 forms the reservoir 102. In some embodiments, the diaphragm 106 may 
be formed with an elastomer of harder durometer type compounds and/or less 
permeability than the finger pad 150. Thus, in this embodiment, the durometer range 
of the diaphragm/elastomer 106 may be between Shore 20A and 80A, specifically, the 
range may be between Shore 30A and 60A. In other embodiments, the diaphragm 106 
may be formed with any suitable material for properly actuating the lancet 110. 

FIGS. 2A and 2B show the movement of the diaphragm 106 and the lancet 1 10 
when the lancet 110 is protracted out of the bottom surface 116 (ue. actuated) and is 
retracted into the chamber 104 beyond the check valve 122, respectively, in accordance 
with an embodiment of the invention. Hence, when the lancet 1 10 is protracted out of 
the bottom surface 116 (see FIG. 2A), the sampling assembly 100 is performing the 
lancing operation. As the lancet 110 is being retracted, negative pressure created within 
the reservoir 102 suctions and transfers the blood sample from the lanced skin area. 
When the lancet 1 10 is substantially retracted (see FIG. 2B), the check valve 122 closes 
and the blood sample is stored in an air tight enclosure 102. In one embodiment, the 
chamber 104 may be primed with nitrogen or other inert gas for the collection ofblood 
samples. 

The diaphragm 106 is shaped to deflect downwardly during actuation and is 
volumetrically dimensioned to contain at its folly retracted position a blood sample 
volume appropriate for test and/or analysis. In one embodiment, an appropriate blood 
sample volume is approximately 1-5 microliters. 

The diaphragm 106 as shown in FIG. 1 is in a neutral position, i.e. prior to being 
actuated. When the diaphragm 106 is actuated, as shown in FIG. 2A, the diaphragm 106 
compresses and flexes in the direction toward the finger 156. The diaphragm 106 may 
be actuated using piezoelectric, electromagnetic, vacuum/pressure (e.g. pneumatic), or 
any other suitable method Thus, the actuation of the diaphragm 106 drives the 
proximal end 112 of the lancet 110 to puncture the finger 156 through the finger pad 
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150. Once the finger 156 has been punctured, the diaphragm 106 actuation is reversed, 
and the lancet 110 is retracted into the chamber 104 beyond check valve 122, as shown 
in FIG. 2B, so that the shaft of the lancet 110 no longer holds the valve 122 open. As 
the diaphragm 106 is actuated in the reverse direction, the diaphragm 106 depresses and 
flexes in the direction away from the finger 156. This creates negative pressure within 
the reservoir 102 and suctions the blood sample from the lanced area (not shown) of the 
finger 156 through the pad 150, through opening 120, and through check valve 122. 
The check valve 122 allows flow only in the distal direction away from the finger 156. 
Once the appropriate volume of blood has been suctioned from the lanced area into the 
reservoir 102, the check valve 122 is closed. The blood sample may then be siphoned 
through check valve 124 to the blood outflow conduit 130 for blood gas analysis. 
Therefore, the check valves 122, 124 regulate inflow and outflow, respectively, of the 
blood sample into and out of the reservoir 102. Furthermore, the blood sample 
suctioned from the lanced area is substantially prevented from being exposed and 
contaminated with ambient air. 

In an alternative embodiment of actuation, the diaphragm 106 can be stretched 
proximally analogous to cocking a spring. The stretched diaphragm 106 is then released 
with the energy stored in the stretched diaphragm 106 converted to kinetic energy 
driving the lancet 110 into the finger. Once the lancet 110 has reached the maximum 
displacement (governed by the extent of the stretched diaphragm 106), the lancet 110 
returns to the initial rest position with an equal and opposite energy. This restoring 
force of the diaphragm 106 retracts the lancet 110 from the finger. 

Upon completion of the lancing operation, the lancet 110 is withdrawn from the 
check valve 122. Thus, the lancet 110 can no longer penetrate the check valve 122. 
Therefore, this embodiment of the sampling device 100 allows only a single use of the 
device for a safety precaution. The sampling device 100 may be manufactured as a 
simple molded device with relatively compact dimensions, making the material and 
construction inexpensive and therefore suitable for a disposable device. Furthermore, 
the flat design profile and ergonomic nature of the device lends itself to handheld point- 
of-care devices. 
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In some embodiments, a sensor (not shown) may be located on a surface, e.g. the 
surface 116, of the sampling assembly 100. The sensor may then be activated when the 
finger 156 is positioned on the proximal side 152 of the finger pad 150 such that there 
is substantially no air gap between the pad 150 and the finger 156. Thus, the sensor 

5 may be used to indicate that the configuration of the sampling assembly 100 and the 

finger pad 150 forms a closed system around the lanced area of the finger 156, and is 
ready to extract blood sample from the lanced area. An example of such a sensor is the 
piezoelectric design as described in a U.S. Patent Application (Inventors: Freeman, et 
al. y entitled "TISSUE PENETRATION DEVICE", Ser. No. 10/127,395) and assigned 

10 to the same assignee. 

FIG. 3 is a flowchart describing a technique for lancing and obtaining a blood 
sample in a sealed configuration according to an embodiment of the invention. In the 
illustrated embodiment, the blood sample is obtained without substantial exposure to 
ambient air to enable substantially accurate blood gas analysis. In some embodiments, 

15 the technique may use the above-described blood sampling device (see FIG. 1) which 

includes the sampling assembly 100 and the finger pad 150. In other embodiments, the 
technique may use other devices suitable for obtaining the blood sample without 
substantial exposure to ambient air. These other devices may include an apparatus 
which measures the skin area {e.g. finger) and performs the lancing operation 

20 automatically by employing the below-described method (FIG. 3) in a processor-based 

system (FIG. 4). 

In the illustrated embodiment of FIG. 3, a skin area to be lanced, such as finger 
156, is positioned on the finger pad 150, at 300. A force is then applied on the finger 
156 to deform the pad 150, at 302, so that the finger pad 150 forms a sealed 

25 configuration around the skin area to transfer blood from the skin area of the finger 1 56 

into the reservoir 102 of the sampling assembly 100 without exposing the blood to 
ambient air. In one embodiment, this force may activate a sensor to actuate the lancing 
operation. In an alternative embodiment, the sensor may offer an electronic 
confirmation of correct finger placement such as a visual or audible signal. At 304, the 

30 diaphragm 106 is actuated to drive the lancet 110 into the skin area. The driving of the 

lancet 110 into the skin area punctures the skin area to draw the blood sample. The 
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actuation may be initiated either by the user using a trigger after recognizing the signal 
or automatically by the sensor which has sensed the force applied by the finger 156. 

Once the skin area has been punctured, actuation of the diaphragm 106 is 
reversed, at 306, and the lancet 1 10 is retracted into the chamber 104. Movement of the 
diaphragm 106 in the reverse direction creates negative pressure within the reservoir 102 
and suctions the blood . sample from the lanced skin area of the finger 156 in a sealed 
configuration. Once the appropriate volume of blood has been suctioned from the 
lanced area into the reservoir 102, the check valve 122 is closed, at 308. The blood 
sample may then be siphoned through the check valve 124 to the blood outflow conduit 
130, at 310, for blood gas analysis. . 

The diaphragm 106 may be actuated using piezoelectric, electromagnetic, 
vacuum/pressure (e.g. pneumatic), or any other suitable method. The actuation of the 
diaphragm 106 drives the proximal end 1 12 of the lancet 110 to puncture the finger 156 
through the finger pad 150. Piezoelectric actuation drives the lancet 110 using 
vibrations on the diaphragm 106. Electromagnetic actuation drives the lancet 110 using 
a magnetic field as described in a U.S. Patent Application (Inventors: Freeman et al, 
entitled "TISSUE PENETRATION DEVICE", Ser. No. 10/127,395) and assigned to the 
same assignee. The vacuum actuation drives the lancet 110 using back pressure to 
diaphragm 106 to advance the lancet 110 and suction behind diaphragm 106 to retract 
the lancet 110. 

A block diagram of a processor-based system 400 which may execute codes 
residing on the computer readable medium 402 is shown in FIG. 4. The codes are 
related to methods and means for lancing and obtaining a blood sample in a sealed 
configuration described in conjunction with FIGS. 1 through 3. Initially, codes operate 
to sense that a sealed configuration around a skin area has been formed to transfer blood 
from the skin area into a blood reservoir without exposing the blood to ambient air. A 
driver, such as diaphragm 106, is then actuated to drive the lancet 110 into the skin area 
to lance the skin area within the sealed configuration. Once the skin area has been 
punctured, actuation of the diaphragm 106 is reversed, and the lancet 110 is retracted 
into the chamber 104. Movement of the diaphragm 106 in the reverse direction creates 
negative pressure within the reservoir 1 02 and suctions the blood sample from the lanced 
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WHAT IS CLAIMED IS: 

1. A blood sampling device, comprising: 

a sampling assembly including a driver, a lancet, and a blood reservoir, said 
lancet having a proximal end and a distal end; and 

a pad having a proximal side and a distal side, said proximal side conforming to 
the shape of a skin area, and said distal side attached to the sampling assembly, said pad 
and said sampling assembly configured to provide a sealed configuration around the skin 
area for transferring blood from the skin area to said reservoir. 

2. The blood sampling device of claim 1, wherein said pad includes 
relatively soft durometer type material. 

3. The blood sampling device of claim 2, wherein said material includes 
silicone rubber. 

4. The blood sampling device of claim 1, wherein the driver includes a 
diaphragm coupled to the distal end of said lancet, said diaphragm to drive said lancet. 

5 . The blood sampling device of claim 4, wherein said diaphragm is formed 
with an elastomer of harder durometer type material than said pad. 

6. The blood sampling device of claim 4, wherein said diaphragm is formed 
with an elastomer of less permeability than said pad. 

7. The blood sampling device of claim 4, wherein said diaphragm 
compresses and flexes toward the skin area when said diaphragm is actuated and said 
lancet is protracted out. 

8. The blood sampling device of claim 4, wherein said diaphragm creates 
suction upon retraction of said lancet. 
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9. The blood sampling device of claim 4, wherein said blood reservoir is 
enclosed by said diaphragm and said sampling assembly. 

10. The blood sampling device of claim 9, further comprising: 

an opening on a surface of said sampling assembly, said opening configured to 
provide a conduit for the blood sample into the reservoir. 

11. The blood sampling device of claim 10, wherein said surface of said 
sampling assembly is coupled to the distal side of said pad. 

12. The blood sampling device of claim 10, wherein said proximal end of the 
lancet is approximately perpendicular to said surface of the sampling assembly, and is 
concentric with said opening. 

13. The blood sampling device of claim 10, further comprising: 

a first valve coupled to said opening, said first valve to regulate inflow of the 
blood sample into said reservoir. 

14. The blood sampling device of claim 13, wherein said lancet passes 
through said first valve to hold said first valve open prior to piercing the skin area. 

15. The blood sampling device of claim 13, wherein said first valve includes 
a duckbill check valve. 

16. The blood sampling device of claim 9, further comprising: 

a second valve to enable outflow of the blood sample from said reservoir. 

17. The blood sampling device of claim 10, further comprising: 

a sensor disposed on the surface of said sampling assembly, said sensor 
configured to detect when said proximal side of said pad conforms to the shape of said 
skin area. 
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18. A device, comprising: 

a blood sampling assembly having a surface with an opening, said sampling 
assembly including: 

a lancet having a proximal end and a distal end, said proximal end 
configured with respect to said surface of said sampling assembly to pierce a 
finger tip; 

a driver coupled to the distal end of said lancet to drive the lancet; 

a blood reservoir enclosed by said driver and said sampling assembly; 

a first valve fitted to said opening, said first valve kept open by said 
lancet prior to piercing said finger tip, said first valve to control transfer of blood 
from said finger tip into said blood reservoir; and 

a finger pad disposed between said finger tip and said sampling assembly, said 
finger pad configured to enable transfer of blood from said finger tip to said blood 
reservoir in a sealed configuration. 

19. The device of claim 18, wherein said driver includes a diaphragm 
volumetrically dimensioned to contain at a fully retracted position a blood sample 
volume appropriate for blood analysis. 

20. The device of claim 18, wherein said first valve is closed by withdrawal 
of said lancet from the first valve upon completion of lancing operation to allow only 
a single use of said sampling assembly. 

21. The device of claim 18, further comprising: 

a blood outflow conduit to enable outflow of the blood from said reservoir for 
analysis. 

22. The device of claim 21, further comprising: 

a second valve coupled between said reservoir and said blood outflow conduit 
to regulate the outflow of the blood. 
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23. A method, comprising: 

positioning a skin area to be lanced on a pad; 

applying a force on said skin area to allow the pad to conform to the shape of 
said skin area, and to configure said skin area in a sealed configuration; 
lancing said skin area through said pad; and 

drawing a blood sample from said lanced skin area through said pad to collect 
the blood sample without substantially exposing the blood sample to ambient air. 

24. The method of claim 23, wherein said lancing includes actuating and 
compressing a diaphragm to drive a lancet into said skin area. 

25. The method of claim 23, further comprising: 
providing a reservoir to store the collected blood sample. 

26. The method of claim 25, wherein said suctioning includes allowing a 
lancet to keep a first valve open to provide an inflow conduit for the blood sample 
flowing into said reservoir. 

27. The method of claim 26, wherein said suctioning includes retracting the 
lancet beyond said first valve such that said first valve is closed once appropriate volume 
of the blood sample has been collected in said reservoir. 

28. The method of claim 27, wherein said suctioning includes depressing a 
diaphragm to create a negative pressure. 

29. The method of claim 23, further comprising: 

dispensing said collected blood sample through a second valve for blood analysis. 
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30. A computer readable medium containing executable instructions which 
when executed in a processing system, performs lancing operation and obtains a blood 
sample from a finger tip in a sealed configuration, said executable instructions 
comprising: 

sensing to confirm that a sealed configuration around a skin area has been formed 
to transfer blood from the skin area into a blood reservoir without exposing the blood 
to ambient air; 

lancing said skin area within the sealed configuration; and 
transferring the blood sample from said lanced skin area in the sealed 
configuration. 

31. The medium of claim 30, wherein said sensing includes detecting to 
confirm that a pad coupled to said skin area conforms to the shape of said skin area. 

32. The medium of claim 30, wherein said sensing includes detecting to 
confirm that a pad forms a seal around an opening in said blood reservoir. 

33. The medium of claim 30, wherein said lancing includes actuating a 
diaphragm to drive a lancet. 
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